The major determinants of neonatal mortality were maternal education, birth interval, multiple birth, and age at birth, maternal and paternal employment and place of residence. Emphasis needs to be given on women's education, access to family planning, health education on consequences of early marriage and child bearing, and creating job opportunities to improve neonatal survival.
Introduction
The neonatal period is considered to be one of the greatest dangerous periods of death in human life [1] . Over 130 million babies are born every year [2] and four million newborns die during the first 4 weeks of life each year [3] . Globally, neonatal mortality constitutes 40% of the total under-five mortality where the overall neonatal mortality rate is about 30 per 1000 live births [4] .
Ninety nine percent of all children who die during the first 4 weeks of life are occurring in the least developed parts of the globe, particularly in South Asia and Sub-Saharan Africa [1] [4] . Sub-Saharan Africa, which accounts for 38% of neonatal deaths in the globe, has the highest neonatal mortality rate (34 deaths per 1000 live births in 2011). The region has shown the lowest progress in cutting the rate in the last two decades and it accounts for about one-third of under-five deaths [5] .
The total population of Ethiopia was about 83 million in 2010 [6] . The total fertility rate is 4.8 per woman. The population grows with a natural increase of 2.6%. Seventeen percent of the population is living in urban areas. Twenty four percent of the population comprises women of reproductive age. Thirty eight percent of women and 67% of men age 15 -49 are literate. The infant mortality, under-five mortality and the neonatal mortality are 59, 88, and 37/1000 live births, respectively [7] .
Ethiopia showed a decreasing trend in under-five mortality from 166 in the 2000 EDHS to 88 per 1000 live births in 2011 EDHS while infant mortality decreased from 97 in the 2000 EDHS survey to 59 per 1000 live births in the 2011 EDHS. Though the neonatal mortality rate showed a decrease from 49 in 2000 to 39 per 1000 live births in 2005, it remained stable at 37 deaths per 1000 in 2011 and accounted for about 42% under-five mortality [7] .
Many studies had indicated that child mortality, in peculiar neonatal mortality, is closely associated with a variety of factors: poverty, place of residence and region, parental education, demographic factors like maternal age at birth and sex of child, birth order, birth weight and maternal health care services usage such as antenatal care (ANC), place of delivery and delivery assistance [8] - [11] .
The 2008 United Nations Children's Fund reported on maternal, newborn, and child health indicators suggested that reducing neonatal mortality is of a great importance for making extra gains in child survival [12] .
In order to decrease under-five and maternal mortality, many countries have led down strategies as their cardinal development goal as proposed by international conferences including the World Summit for Children in 1990, the United Nations Millennium Declaration [13] and Nations Special Session on Children in 2002 [14] .
For countries, while designing child-mortality reduction strategies, it is fundamental to know the prevalence of neonatal mortality in order to assess needs and prepare programs that will decrease avertable child deaths more rapidly [15] .
There are many troubles to take action to avert the neonatal death. One of the problems has been a lack of honest information on how many newborns are really dying since births and deaths are not always registered [16] . The other obstacle is the wrong understanding that entirely expensive, high level technology and facilitybased care are needed to reduce mortality [17] [18] . Success can be achieved in avoiding neonatal deaths in circumstances with high mortality and weak health systems through outreach and family-community care, including health education to make home-care practices better, to call for skilled care, and to ameliorate care-seeking behavior [19] .
A main challenge for the effective execution of neonatal intervention activities is creating and maintaining positive linkage between families, communities and health facilities through community mobilization and health education, outreach services, referral capacity and employing existing cadres of community health workers in neonatal health [20] [21] .
Despite the larger share of neonatal mortality in under-5 mortality in the recent decades in developing countries, most studies focused on infant and child mortality putting neonatal mortality on the back seat [22] . And, it is considered as an obstacle to the continued step down of under-five mortality and the attainment of the MDG4 [6] , this paper had tried to identify the main determinants of neonatal mortality in Ethiopia.
In the literature review, the authors included all the factors, because all these factors were included in the 2011 Ethiopian Demography and health Survey. As a result the authors tried to identify the determinants of neonatal mortality in Ethiopia using the after mentioned factors.
Methods

Source Population
All live births born within the last five years prior to the 2011 EDHS data collection period. The newborns without incomplete information in the 2011 EDHS were excluded in this study.
Study Population
The study population included all live births born within the last five years prior to the data collection period and included in the 2011 EDHS. The cases were all live births died within one month (before 28 days) while the controls were all survived live births born within the last five years prior to the 2011 EDHS. Study variables: The study variables were developed based on the different literatures review and from previous study. The outcome variable is neonatal death where as the explanatory variables were socioeconomic and demographic variables (place of residence, parental employment status, paternal educational status, wealth index, maternal age at birth, and marital status) and proximal variables (sex of neonate, birth interval, and number of children, birth order, and type of birth). In this paper employment status was defined as participating/not participating to any kind of job or profession that generates income, preceding birth interval was the length of time between two successive live births and type of birth was defined as refers to the number of births given during single pregnancy.
Sample Size Determination and Sampling Procedure
Sample Size Determination
In the 2011 EDHS, representative samples of 17,385 eligible women were identified for individual interview. Complete interviews were conducted for 16,515, yielding a response rate of 95%. The sample size for this specific study was drawn from all live births where the total died neonates and survived neonates were 2239 and 31,137, respectively born within the last five years from 16,515 women prior to the survey.
In this study all cases (2239) and 8956 controls were considered since excess controls and cases were available from 2011EDHS data set. The controls were selected randomly from the SPSS data received from EDHS and became 8956.
Sampling Procedure
The 2011 EDHS used a stratified sampling procedure in two stages using the 2007 population and housing census (PHC) as a frame. Stratification was achieved by separating each region into urban and rural areas. In the first step clusters were selected from the list of census enumeration areas. The sample included 624 enumeration areas, 187 in urban and 437 in rural areas. In the second stage a complete list of households in each selected cluster was carried out, and households were selected by systematic sampling. The EDHS sampling procedure was used for this study.
Data Collection Tool
The source of data for this specific research question was the 2011EDHS conducted throughout the country in September 2010. The 2011 EDHS tool has three components: the household questionnaire, the woman's questionnaire, and the man's questionnaire. These questionnaires were adapted from model survey instruments developed for the MEASURE DHS project to reflect the population and health issues relevant to Ethiopia. The data for determinants of neonatal mortality was obtained from the birth history section of the woman's questionnaire. The variables reviewed to be important for this specific research were collected from the SPSS filled data received from measuredhs.com and these data were transferred into a new SPSS data set.
Quality Control
The quality of the data was maintained by checking its completeness, cleaning the missing values by running frequencies, and some of the variables were recoded like survival status of the neonates, age of the mother at birth.
Data Processing and Analysis
After data filled in SPSS by the central statistical agency was downloaded from measuredhs.com, each important variable was extracted and re-entered into SPSS version 20, some of the variables were categorized and coded, then it was analyzed using SPSS version 20.0.
Descriptive statistics (frequencies, means) were used to describe both the distal and proximal determinants. A univariate analysis was done to identify the relationship between neonatal mortality and the potential determinants without adjusting for other explanatory variables. Then all possible determinants with p-value less or equal to 0.20 in the univariate analysis were used to admit more possible determinants. Determinants identified in the univariate analysis with neonatal mortality were entered into a multiple logistic regression model to determine their significant association simultaneously.
The final model used was found to be a valid model with Hosmer-Leme show goodness of fit with p-value greater than 0.05 which was 0.954. Odds ratios (OR) with 95% confidence intervals (CIs) and p-value were computed using logistic regression models to assess the relationship between neonatal mortality and each selected variable.
Results
Determinants of Neonatal Mortality
In the multiple logistic regression analysis age at birth, place of residence, maternal education, maternal and paternal employment status, birth order in the family, type of birth, and birth interval and wealth index were significantly associated with neonatal death. Paternal education, marital status and sex of neonate were not identified as determinants of neonatal mortality.
The study demonstrated that mothers who gave birth in the age group 20 -34 years old, neonatal death was 82% (AOR = 0.18, CI: 0.04 -0.86) less likely to occur in relative with those mothers who gave birth before celebrating their 20 years birthday.
Newborns living in the rural areas were 1.63 (AOR = 1.63, CI: 1.42 -1.87) times more likely to die in comparison with those living in the urban areas.
Almost a 2 fold increase in neonatal death was observed if mothers did not attend any education than those who had secondary and above education (AOR = 1.89, CI: 1.32 -2.72).
Maternal and paternal employment status was more likely to increase neonatal death by 1.39 (AOR = 1.39, CI: 1.07 -1.67) and 5.50 (AOR = 5.50, CI: 3.20 -9.44) times among unemployed parents than employed parents, respectively.
The study also observed that the chance of neonatal death was higher among mothers who belonged to the poor wealth index by 2.28 (AOR = 2.28, CI: 1.52 -3.42) times compared with those with the rich wealth index.
Another important predictor was the type of birth and birth interval. The probability of neonatal death in multiple births was 5.89 (AOR = 5.89, CI: 4.23 -8.20) times higher compared with single births. Neonates born to a birth spacing less than 36 months was 2.85 times (AOR = 2.85, CI: 2.28 -3.56) more likely to experience neonatal death than those born with a birth spacing of 36 months and above birth interval.
It was also observed that the chance of neonatal death was increased by 1.31times (AOR = 1.31, CI: 1.02 -1.69) among neonates living in the family with more than four children than less or equal to four children ( Table  1) .
Discussion
Infant and under-five mortality in Ethiopia has decreased continuously over the last decade, reaching 59 and 88 per 1000 live births in 2011, respectively [7] . In spite of the reduction of infant and under-five mortality, additional efforts will be required to achieve the Millennium Development Goal of reducing under-five mortality by two thirds in the year 2015 compared to its level in 1990 by cutting down neonatal mortality which has a contribution of about 42% of overall under-five mortality. Thus, this study had tried to identify the determinants of neonatal mortality in Ethiopia.
Significant association was observed concerning maternal education. It was figured out that neonatal death was more likely to occur among mothers with no education. This finding is congruent with other study [23] [24] . This might be explained by the fact that there is no question that educated mothers can provide better care for themselves and for their neonates than those with no education or a lower level of education. Education provides better health knowledge, improves the effectiveness of health behavior and enables to take the necessary measures to prompt new born care. The paternal employment status in this analysis was significantly associated with neonatal death. Neonatal death was less likely to occur among employed fathers than unemployed fathers. This study is in line with the finding in Indonesia [10] . This might be happened because employed fathers would have a protective effect on neonatal mortality by increasing household income and economic status of the family and as a result mother during pregnancy might get frequent health institution contact for antenatal care, delivery and immunization.
This study demonstrated that neonatal death is more likely to increase among mothers who were unemployed than employed mothers. This finding showed consistency with the results obtained in other areas [10] [25] . This might be happened because unemployed women might not have cash at hand to get better health care for themselves during pregnancy and to their newborns.
Regarding wealth index, neonatal death was less likely to occur in the richest wealth index than the poorest wealth index. This study is similar with the finding in Republic of the Sudan [26] - [28] . This is happened probably because of mothers in the rich quintile might get necessary health service during pregnancy, delivery and after delivery, and the neonates might be provided better care.
The study also revealed that the chance of neonatal death is increased among multiple births in comparison with single births. This finding was in line with a study done in developing countries [29] [30] . The higher neonatal death among multiple births might be due to biological factors such as low birth weight and complications during delivery.
In this study it was observed that neonatal death was less likely to occur among mothers who gave birth in the age group 20 -34 years old compared to mothers below age 20 years old. This result was in line with other findings [31] - [34] . This could be explained due to the complication occurred among adolescent mothers during pregnancy and delivery, and babies born might be premature and underweight. It might be also explained as elder mothers not only own better knowledge of pregnancy and child bearing but also ready psychologically and physically compared to younger mothers that help them to take care of their newborns in a better way in this period.
The type of place of residence was also found as a determinant of neonatal death. The study found that neonatal death was more likely to increase among newborns born in the rural residence in comparison with urban areas. This finding was supported by the findings in Bangladesh, Ghana and Gambia [25] [35] [36] . This is probably because urban areas are exposed to different health care services including higher coverage with immunization and safe delivery suggesting a lower risk of experiencing neonatal mortality. And it is known that urban areas are mostly equipped with better infrastructure for health services than rural areas.
On the other hand, probably because better care provided for neonates and no competitor for food, for schooling, getting health service between those households with small number of children, in this study, it was pointed out that neonatal death was more likely to increase among households whose number of children were above four. This study was in agreement with the findings in other areas [37] [38] .
With regard to birth interval, the study showed that the shorter the birth interval (below 36 months), the probability of neonatal death will be more likely to increase in relative with those whose birth interval was 36 months and above. This finding is in line with the study conducted in other areas [10] [39]- [41] . This could be linked to maternal health problems where women with short birth intervals between two pregnancies have insufficient time to restore their nutritional reserves which is thought to adversely affect fetal growth as a result of giving a narrowly spaced birth.
Limitation of the Study
Certain members of the population were underrepresented in the survey since DHS methodology uses surviving women of reproductive age as the source of information, so neonates without living mothers are excluded from the survey.
Mothers might underreport both the birth and death of a newborn (recall bias and social desirable bias) and might misreport date of birth and age at death.
Conclusions
In general, in this study maternal education, maternal and paternal employment status, maternal age (below 20 years old), being multiple births, shorter birth interval (below 36 months), number of children greater than four, and place of residence were identified as the determinants of neonatal mortality.
Health education dissemination strategies (e.g. campaign to family planning services) on the benefits of birth spacing at least by three years, avoiding early marriage, participating in income generating activities need to be continuously done at the community and health facility level.
The FMOH needs to address short birth interval continuously to avert adolescent pregnancy and child birth through effective family planning programs as one of neonatal survival interventions. Health education strategies (like using mass Medias) need to be considered to discourage early marriage, adolescent child bearing and short birth spacing.
Programs should address areas and populations with higher neonatal mortality rates in rural areas and households with the least wealth.
The MOE needs to give emphasis on women's education to continue their educational level secondary and above.
Creating and promoting income generating mechanisms and creating job opportunities need to be considered. And, it is also recommended that different experts of governmental and non-governmental (policy makers, planners) use this finding as an input in reducing neonatal mortality so that it will be possible to achieve the MDG4.
